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T (9-9., Rmin, Rimax,) The invention pertains to optical image formation for . medical purposes using echography and, more espe cially, to a method for generating ultrasonic images, especially images of the heart, and to the device de signed to use this method.
Echography is a method for the digital formation of optical images in real time, and has many applications. However, the quality and resolution of the images ob tained are affected by interference from elementary diffusers which cause a granular noise known as "speckle". This speckle disturbs the visual quality of images obtained from the ultrasonic signals received. It is, therefore, necessary to reduce speckle by enhancing the contrast in the image. Besides, it can be made easier to use of images thus obtained by introducing an auto matic procedure to detect the contours of an organ, an operation which is presently performed by the operator.
Description of the Prior Art
The processing of ultrasonic images is a little used method to date, despite the digitalization of the images obtained. In general, simple, recursive, mean-obtaining filters are used, and they only partly get rid of speckle.
In cardiac echography, for example, significant parame ters are obtained with manual contour detection.
The object of the present invention is an automatic method for generating images from ultrasonic signals obtained by echography, a method through which speckle is eliminated and which can also be used to estimate the contour of an organ by an automatic dy namic procedure and to display this contour in real time by an overlay the initial image or on the noise-cleansed image.
SUMMARY OF THE INVENTION
The invention pertains to a method for generating images from source ultrasonic signals obtained by ech ography, in which the echo signal is sampled and digita lized, to form a succession of samples X,j, with a coded digital luminance value of X at an instant t identified in the image by the row i of the horizontal column and the level j of the vertical column to which they belong, wherein the echographic signal is processed automati cally to superimpose a contour of the analyzed organ on the image in the following way:
In an initial stage, the speckle present in the signal is reduced through filtration by generating a prediction divergence signal which expresses the useful informa tion by means of the difference between the digitalized signal Xij and a prediction signal calculated on the basis of a speckle model, this stage leading to the obtaining of a filtered digital signal Fif and a binary signal Biff de duced from this filtered signal, at 0 state for those pixels of the filtered signal having zero luminance and at 1 state for the other pixels;
In a second stage, the binary signal is processed for data corresponding to echos recognized as being not characteristic of the contour; this stage leads to a signal If being obtained; In a third stage, the signal Iijis processed by bridging to minimize discontinuities by eliminating isolated pix els: the resultant bridged signal is then Ii?;
In a fourth stage, the bridged signal I?is processed to extract the parameters from it that can be used in a model of the contour of the examined organ. This pro cessing is done on a zone with a maximum area, known as a zero density zone, comprising only zeros and corre sponding to the interior of the analyzed organ;
In a fifth zone, the contour points are computed on the basis of the characteric parameters extracted and the equation of the model of the organ;
In a final stage, the digital signal, before filtering, is replaced by an overlay signal for all the points of the contour, the resultant combined digital signal being then displayed.
The object of the invention is also the device de signed to use this method.
BRIEF DESCRIPTION OF THE DRAWINGS The invention will be better understood and other of its characteristics will emerge from the following de scription made with reference to the appended figures, 
DESCRIPTION OF THE PREFERRED

EMBODIMENT
The method for generating ultrasonic images accord ing to the invention can be used to overlay a contour with a false colour. For heart images, the estimated cardiac contour and the mitre valve for a section through the small axis of the heart are displayed after eliminating the speckle at the source image. In this method, the contour is estinated dynamically, the method being used for the automatic extraction of pa rameters of clinical interest such as the diastole (maxi mum of relaxation) and the systole (minimum of con traction) for the heart images.
The following specific description is given for heart images but is not limited to them.
The first stage of the method for generating ultra Sonic images according to the invention is a spatial preliminary processing stage, the purpose of which is to reduce speckle by learning its statistical properties. The second stage consists in extracting the part correspond ing to the mitre valve from the image, this extraction being done by a study of movement in a sequential manner. This stage is indispensable for the easy detec tion of the cardiac contour which can be likened to an ellipse of variable parameters. The third stage, then, consists in the automatic estimation of the cardiac con tour. During this stage, it is also possible to extract the characteristic parameters automatically. The final stage of the method consists in overlaying a contour, corre sponding to the estimated contour, on the image. Let X be the input signal at the instant t indexed by row i of the horizontal column and the row j of the vertical column, identified in the image to which this input signal corresponds. This signal is a digital signal corresponding to the quantification of the signal re ceived on one of the 256 levels. As indicated above, the first processing operation is one of filtering to eliminate noise so as to reduce the speckle in the image. This filtering gives a filtered digital signal Fi?, and a binary signal Bicharacteristic of the luminance of the image;
if the logic level 1 is assigned to the pixels of non-zero luminance while the logic level 0 is assigned to the pixels of zero luminance in the filtered image signal F. The next stage corresponds to the phase in which the mitre valve's parameters are extracted, i.e. the stage of extraction of pixels in periodical movement (the mitre valve is the orifice that enables blood to flow from the . . . auricle to the ventricle). This extraction is an indispens able stage in detecting the contour of the heart cavity.
The extraction method uses the fact that this valve is in periodical movement: during a cardiac cycle, the mitre valve changes position and direction; at the instant to the valve is in a position P, at the instant t the valve is in a position P. The algorithm used to extract the pa rameters of the mitre valve will be efficient if this valve is not confused with the cardiac contour, i.e. if its far thest compared positions are totally disjointed.
After this valve extraction stage, the image if cannot be exploited directly even though the zone correspond ing to the movement of the mitre valve has been ex tracted, for the contour remains far too discontinuous.
The method according to the invention is therefore, used to complement this mitre valve extraction stage by a bridging of the binary image which is done in horizon tal and then vertical columns so that the pixels having logic levels 0 are always contiguous along a distance of greater than 1 pixel; i.e. a pixel cannot remain in the state 0 if its neighbours in the horizontal column and then in the vertical one are in the state 1.
Once this bridging is done, the next stage of the pro cessing method then aims at seeking the maximum zone of zero density. This zone corresponds to the heart cavity. This density is defined as the number of logic levels at state 1 in a square of given dimensions.
This processing is used to determine the coordinates of the centre of the mass of the heart cavity and to take 4. a contour through all four vertices of the zero density square thus determined. It transpires that a correct ap proximation of the cardiac contour is given by an el lipse. The ellipse is therefore, determined from this square. The processing algorithm needed will be de scribed in detail below in connection with the precise description of the means for extracting the parameters of the contour and of the contour-calculating circuit. The final processing stage consists then in overlaying the contour thus defined on the image in such a way as to help the operator in his analysis of the image, i.e. in superimposing, on the initial or noise-cleansed image, a coloured line which gives shape to the contour of the heart cavity in the image.
FIG. 1 is the general block diagram of the device for generating heart images according to the invention. The means needed for echographical analysis and signal reception are not depicted in this figure which includes only the device for processing the signal received by the ultrasonic signal transmitter/receiver pick-up. The source signal from the pick-up in reception is character istic of the variable intensity echos received, with the intensity depending on the type of tissue and structure encountered. This reception signal is applied to a circuit 1, a useful data extractor, which comprises conven tional means for analog signal processing, amplification, filtering etc. and an analog-to-digital converter used to quantify the analog signal at 256 levels for example. To exploit this signal, a frame-scanning signal is generated to control a cathode screen of a visual display unit 5, synchronized with the echographical scanning of the heart by the narrow beam which scans a sector and defines the scanning plane. The beam is made up of a train of ultrasonic pulses. The repeating frequency of the pulse transmitter is chosen, as is known in the prior art, in such a way that a transmitted pulse has enough time to reach its target and return before the departure of the following pulse.
The signal from the useful data-extracting circuit 1 is applied to the input of a buffer memory 2 which gives the digital signal Xi corresponding to the echos re ceived. This signal should be expressed by a luminance signal on the cathode display screen 5. This sequence Xi' is applied (a) to the display unit 5 by a direct chan nel comprising, in a series, a switch 3, a delaying circuit 4 and an overlay circuit 80 and (b) to the input of a processing channel comprising a filtering circuit 30 which shall be described in detail below with reference to FIG. 2. This filtering circuit provides, firstly, a fil tered signal Fi? applied to the second input of the switch 3 and, secondly, a binary signal Biff useful for extracting the parameters of the mitre valve and then for calculating the contour. This binary signal is applied to the input of a circuit for extracting the mitre valve 40, described below with reference to FIG. 3 which gives an intersection signal If. This intersection signal, which is characteristic of the non-moving parts de tected, i.e. especially of the contour, is applied to the input of a bridging circuit 50, the functioning of which is described below with reference to FIGS. 4a, 4b and 4c, and the output of which is connected to the input of a circuit 60 for extracting the parameters of the contour. This circuit 60 is connected to the input of a contour calculating circuit 70.
The output of the delaying circuit 4 which gives either the digital signal from the buffer memory 2 or the filtered signal from the filtering circuit 30, depending on the position of the switch 3, is connected to the input of 4,729,019 5 the visual display unit 5 by means of the overlay circuit 80 which also receives the contour signal. This overlay circuit is used to replace the parts corresponding to the calculated contour in the digital image signal by a pre determined signal corresponding to a characteristic colour.
The filtering circuit 30, the valve parameters extract ing circuit 40 and the bridging circuit 50 work at point frequency in real time and are synchronized by the point clock signal HP. In contrast the circuit for ex tracting the parameters of the contour and the circuit for calculating the contour work at the image frequency and are synchronized by clock signals H1 for the con tour calculating circuit and H1' for the circuit to extract the parameters of the contour at the image frequency, H1' being the image clock H1 shifted by a duration that corresponds to k-hhorizontal columns and k-h verti cal columns. The overlay circuit 80 and the visual dis play cathode screen 5 are, of course, synchronized at the point clock frequency HP. In view of the delay needed to extract the parameters of the contour (one image) and to calculate the contour (another image), the delay introduced by the delaying circuit 4 into the di rect channel that transmits the digital image, before or after filtration depending on the position of the switch 3, is a two-image delaying circuit. After this, the difference between the noise model and the source image gives, for each pixel, a datum called a prediction divergence eii. Thus, in the zones of noise alone, the prediction divergence ei is small while, in the so-called contour zones, the prediction diver gence is great. This is a way of analyzing the non-sta tionary behaviour of the level of grey in the image by detecting all sudden changes of luminance in the image. This system is used to reduce the noise while preserving the organization of the useful data of the source image. To prepare the model, the noise is compared to a The filtering circuit 30 which performs this process ing and which is depicted in FIG. 2 thus comprises a subtracter 31, with an input connected to the input of the circuit, receiving the sequence of digital values Xii, and an input receiving the mean of the noiseX previ ously calculated and stored in a memory 32. The output of the subtracter 31 is linked to the input of a predictor 33 which calculates, for each Xif, the value of the prediction ity = ki 3. an n = :-in 4,729,019 7 To this end, the predictor comprises, in a manner known in the art, p--1 memories giving four memories for the case specifically described above, containing the p values previously centred, Xi-m? and, after the cal culation, the prediction Xi. A multiplying and then an adding circuit is used to make the prediction calcula tion. The output of the predictor 33 is linked to the input of a subtracter 34, the second input of which is linked to the input of the circuit and gives the prediction divergence:
It must be noted that the prediction value Xii, ob tained from the centered values is diminished, directly, by the non-centreed digital value in the line Xi, an operation that reduces the noise-charged parts of the image to the level of zero luminance. The output of the subtracter 34 is linked to the input of a multiplier by k2, 35, the output of which is itself linked to the input of a comparator 36 with two reference values, 0 and 255, this comparator reducing negative values to 0 and val ues greater than 255 to 255. The filtered signal Fif at the output of the comparator 36 thus has values belonging to the dynamics of the luminance (0.255). The output of the multiplier 35 is also linked to the input of a second comparator 37 which has a reference value 0 and deliv ers the binary signal Biff of level 0 for negative or zero values of eif and of level 1 for the other values.
The next step of the processing consists, as indicated above, in extracting the data on the mitre valve from the binary signal Bi?. Owing to the method of echograph ical analysis itself, the processed image corresponds to a section along the snail axis of the heart. The mitre valve generates echos which do not signify the contour of the heart and the corresponding data must therefore be extracted.
To extract this data, the intersection signal, I, the result of the logic AND operation between the values of the binary signal Bi at two instants to and t corre -sponding to the farthest positions of the mitre valve is 7 calculated as follows:
The entire image zone in which the intersection sig nal Ii has the logic 1 level corresponds, on the one hand, to the cardiac contour and (b) to the intersection points, if any, between the two positions of the mitre valve at the instants t and to. This processing will be all the more efficient as all the interior points of the heart cavity will be in the image at the logic 0 level. For this, taking into account the rhythm of analysis and the resul tant image rhythm, the cardiac rhythm is such that 7 successive images, on an average, initially separate the two image binary signals Bo and B-to-7Ti in calculat ing the intersection signal. But the method according to the invention provides for for estimating the movement of the valve by a speed vectorso as to readjust, if neces sary, the number of images that separate the farthest positions of the valve.
The circuit 40, designed to make this calculation comprises, a set 41 of q2 series-connected memories, M1, M2 . . . Mai . . . Ma. . . M2, q1 and q2 being the minimum ad maximum number of images capable of separating the two farthest positions of the mitre valve. The memories are shift registers which correspond to the delays Ti of an image period, i.e. image memories with one binary element per pixel. At an instant t, the signal Biff is applied to the input of the memory M1, Bi-Ti is applied to the input of M2 etc., the output signal of M being Bi-4Ti. The outputs of the memo ries Mi to M2 are connected to te inputs of a selector 42 which transmits the output signal of one of the men ories Mi to M2, M, to its output, depending on the cardiac rhythm of the patient for whom this analysis is being made. The input of the memory M1 and the out put of the selector 42 are connected to the inputs of an AND gate 43 which gives the intersection signal Ii. For all the pixels inside the heart cavity, the signal Iif should be nil. In reality, as indicated above, despite the prior filtering of noise and the removal of echoes associ ated with the mitre valve, the signal Iif is even more difficult to exploit for a simple extraction of useful data relating to the heart contour.
The bridging circuit 50 performs the additional pro cessing described above to eliminate the "isolated' points at the logic 0 level, i.e. those points that are not continuous along a distance equal to at least L points. The bridging is done, for example, first by horizontal column and then be vertical column. The resultant sig nal is iii. For this, the briding circuit 50 transmits all the points at the logic 1 state without modification and puts all the points at the logic 0 at the logic 1 level when, in a horizontal or vertical column to which they belong, the farthest points that surround them, along a distance L, are also at the state 1. The logic operations per formed are the following. The resultant signal is then processed in the circuit 60 so that the parameters of the contour are extracted from it. For this, as indicated above, an automatic search is made for the maximum square of zero density. At the outset, a square zone is defined as a basis. This zone has the image of the heart in definite way. This zone with dimensions kXk is then subdivided into four squares Qt, Q2, Q3 and Q4 with dimensions (k-h)x (k-h), partially overlapping, in a zone Q. The densities of these four squares are then compared and the square of minimum 4,729,019 9 density C is then set aside to act as a basis for a fresh subdivision and a fresh comparison until a zero density square is found. FIGS. 5 and 6 give a schematic depic tion of the zones mentioned above at one instant in the processing operation. The quickest way to compare the 5 four zones, Q1, Q2, Q3 and Q4 is to compare only the densities in the zones S1, S2, S3 and S4 complementary of Q, to arrive at Q1. . . Q4 respectively: the square of minimum density and of dimensions (k-h)x(kxh) is shifted by (k-h) horizontal columns and (k-h) vertical columns with respect to the image clock HI. The output of this memory is linked to the input of a second mem ory 62 in which the writing and the reading are respec tively done by the clock HI'' and by the clock HP 45 which is, if necessary, faster than HP. The output of the memory 62 is linked to the input of the density-extract ing circuit 63 which calculates the density of the square at each stage of the convergence as indicated above. This circuit initially receives the coordinates of the 50 initial square via the first input and the output of a switch 64 and then, during the process, receives the coordinates of the square to be considered for the fol lowing stage. These coordinates are given by a position memory 65 which receives them from the extracting 55 circuit 63 (after the test on the densities of the four squares resulting from the subdivision) and transmits through the second input and the output of the switch 64. At a given stage, the coordinates of the vertices of the minimum density square are (x1, y1), (x1, Y), (xn, 60 y) and (xn, yn). At each stage, the density extracting circuit 63 gives the vector of the corresponding position defined by these four coordinates.
P(x), xn, y1, yn).
When the density measured is zero, at to the position 65 vector is P(xito, xnto, yo, yno). A circuit 66 then calcu lates the coordinates of the mass centre G (gx, g) and the corresponding radius R. and the circle that passes through these four vertices has the mass centre for its centre and R for its radius such that R2 (3. y):
As indicated above, a correct approximation of the contour of the heart is an ellipse of the equation:
where A is a variable coefficient, close to 1, equal to or greater than a minimum value Amin, which enables a precise adjustment of the contour in time. Thus, during the analysis of a sequence of images, N is first of all, taken to be equal to a minimum value Minin, chosen for example, as being equal to 0.85, then this value is ad justed. To ensure the sequential follow-up of the con tour, a test is made: for two successive images at to and t1, the coordinates of the zero density square should not diverge by more than two pixels.
Let:
If an excess is detected, the retained coordinate is the initial coordinate to, give or take 2, along the direction of the shift. The sequential follow-up gives the direction in which ellipse has its big axis. For since Pois the posi tion vector at the instant to and Pis the position vector at the instant ti: a current position vector P is obtained by comparing the positions of the squares at these two successive instants.
For this, a one-image delaying circuit 67 receives the position vector associated with an image P, from the density-extracting circuit, and gives the position vector associated with the preceding image F-Ti. A filtering circuit 68 has two inputs linked to the input and the output of the delaying circuit 67, and gives a current position vector P at an instant t as a function of the divergence tolerated on the coordinates (x1, x, y1, y) between the position vector at the instant t, P', and the preceding position vector P-Ti.
The coordinates retained for the filtered position vector (x1, xn, y1, y) are applied to a circuit for calculating the coefficient A, 69.
The value of A is given by:
In practice, the contour which will be overlaid has a thickness obtained by calculating a minimum value Rmin and a maximum value Rimax for the radius R, as a function of the coordinates y and yn as follows: If Rnin CE<Rina then the pixel P(x,y) belongs to the contour. At the end of the processing of an image, a set of pixels forming the contour is determined.
The contour can then be overlaid by the overlay circuit 80, either in the source image Xif, or in the speckle-filtered image Fif, with a specific colour attri bute being assigned to the pixels defined as belonging to the contour. This overlay is done as indicated above in the signal delayed by two images, 2T being the time needed for processing. The invention is not limited to the image generating method and device especially described above. In par ticular, the method has been described in relation to heart images by way of illustration, but it can be applied to other types of images resulting from echographical analysis, especially for the formation of optical images of organs which pose similar problems as regards speckle and fuzzy contours. For each type of analysis, a model of the contour must be made and its significant parameters must be pre-determined in an initial stage, . . . the adjustment of these parameters being done by tests during processing. The search for the zero density zone is, of course, adapted to the model and can be done, for example, in a rectangular zone or a zone of any other suitable geometrical shape.
I claim:
1. Method for generating images from source ultra sonic signals obtained by echography, wherein the echos signal is sampled and digitalized to form a succes sion of samples xi as a echographical signal with a coded digital value of luminance X at an instant t, iden tified in the image by the row i of the horizontal column and the row j of the vertical column to which they belong, wherein said echographical signal is automati cally processed to superimpose, on the image, a contour of the analyzed organ by the following steps:
reducing the speckle present in said echographical signal through filtration by generating a prediction divergence signal which yields useful data by tak ing the difference between the digitalized signal Xif and a prediction signal calculated from a model of speckle, this step of reducing further providing a filtered digital signal Fif and a binary signal Biff deduced from the filtered signal produced by said filtration, at state 0 for the points of the filtered signal that have zero luminance and at state 1 for the other points; processing said binary signal to extract from it the data corresponding to echos recognized as being If is bridged by eliminating the isolated pixels at logic level 0, isolated in the sense that they are non-contigu ous along a distance equal at least L. pixels.
4. Method according to claim 1 wherein the speckle is considered to be a circular noise, the noise model used for generating the prediction signal from the neighbour ing samples being a one-dimensional self-regressive model, the order and the coefficients of which are pre determined by a preliminary learning of the statistical properties of noise in a sequence of images used as a reference.
5. Method according to the claim 4 wherein the pre liminary learning of the properties of the noise is done by measuring its mean value, its variance and its self correlation function on the basis of which the order and coefficients of the noise model will be fixed.
6. Method according to the claim 4 wherein for the processing of signals obtained by cardiac echography, the statistical properties of a noise in a sequence of reference images are estimated in a zone corresponding to the interior of a ventricle where the graininess of the image is likened to the speckle.
7. Method according to the claim 1 wherein, in the fourth stage, the search for the zero density zone with the maximum area is obtained by successive reductions of a zone with a simple geometrical shape, definitely including the image of the analyzed organ, until the density measured in the reduced zone is zero, the geo metrical shape selected being capable of being regis tered in the contour model of the analyzed organ, this zero density zone being characterized by a position vector Pat each image.
8. Method according to the claim 7 wherein, for the processing of signals obtained by cardiac echography, the model of the contour is an ellipse and the geometri 4,729,019 13 cal shape chosen is a square, the successive reductions being obtained by a reduction of the side of the square at each stage in the search.
9. Method according to the claim 8 wherein, at each stage of the search, the preceding square is subdivided into four squares of the same dimension, reduced in relation to the dimension of the preceding square, these squares partly overlapping one another, the square with the minimum density being selected for the following Stage. 10. Method according to any one of the claims 7 to 9 wherein the position vector P is corrected if necessary on the basis of the position vector associated with the preceding image PTi where This the image period, to ensure a sequential follow-up of the contour, the resul tant vector being a vector P.
11. Method according to the claim 10 wherein the parameters in the contour model, deduced from the coordinates of the vector corrected according to the coordinates of the vertices of the zero density square zone, P(xHD 1, xi, Yi, Y), are on the one hand, the center of this zone with coordinates Amin being a predetermined value of less than 1, the contour being likened to an ellipse defined by all the pixels with coordinates x and y such that:
12. Device for generating images, using ultrasonic signals obtained by echography, comprising: a memory input circuit a sequence of digitalized sam ples Xif; 14 a speckle filtering circuit connected to said memory input circuit and providing an initial output to give a filtered digital signal of the speckle Fift, and a second output to give an associated binary signal 5 that has the logic 0 level for those points with a filtered value of zero and the logic 1 level for all the other points, a processing channel comprising, in series, a circuit for extracting data corresponding to echos not characteristic of the contour linked to the second output of the filtering circuit, bridging circuit to eliminate pixels detected as being isolated, a circuit for extracting the parameters of the contour and a circuit to calculate the contour, single direct channel comprising a change-over switch, the inputs of which are linked to the output of the input circuit and to the first output of the filtering circuit, and the output of which transmits, to a delaying circuit, either the succession of digita lized samples Xi or the filtered sequence Fift, wherein the output of the direct channel after the delaying circuit and the output of the processing channel after the contour-calculating circuit is linked to the inputs of a circuit for overlaying the contour on the image, the output of this overlaying circuit being connected to a visual display screen. 13. Device according to the claim 12 wherein the filtering circuit comprises: a predictor circuit to calculate a prediction value Xif on the basis of the preceding samples Xi and a noise model followed by the predictor, a calculation circuit to calculate a prediction diver gence eif between the prediction value Xi and the real value Xi, a multiplier circuit to multiply by k2 to perform the operation k2eif, two comparison circuits connected to said multiplier circuit, the first comparison circuit limiting the signal keiff to the maximum range and giving the filtered signal Fift, and the second comparison circuit giving the binary signal Biff at level 0 for keifs0 and at level 1 for keit)0.
14. Device according to claim 12 wherein the con tour parameters extracting circuit comprises the follow 45 ing elements connected in series: a set of memories, a density calculating circuit indexed by a zone posi tion memory circuit through a change-over switch transmitting the pre-determined position of an ini 
